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THE FIREBALLS OF NOVEMBER 15 AND DECEMBER 29, 
1925 


By WILLARD J. FISHER 


In the morning papers of November 16, 1925, the fall of a 
remarkable bright daylight meteor somewhere in New England 
was reported. As the matter seemed to be of scientific importance, 
Director Shapley, of the Harvard Observatory, decided that 
information about it should be collected; and questionnaires were 
immediately put in circulation, through the Harvard University 
Bureau of Publicity, which distributed them to the press, and 
through Radio Station WEEI. The response was immediate, 
and within a week about one hundred and forty reports of eye- 
witnesses had been received. 

When the observers’ stations were plotted on a map of New 
England, the points were dense about Boston, and thinned out 
from there in all directions; but south of a line drawn across Massa- 
chusetts from Chathamport to New Ashford, there were no ob- 
servers. Inquiry developed that this could not be explained by 
clouds in southern New England; hence it must have been due to 
the rotundity of the earth. A normal to this line must indicate 
the general direction of the meteor; which, indeed, it does. 

The object itself was described as a glowing, glaring ball of 
golden fire, which dragged a bright tail after it, but left no train 
in the sky. It plunged sharply downward, E to N, and many 
observers said that it either vanished or exploded above the horizons 
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of eastern Massachusetts. Many, in widely separated places, 
were confident that they saw it drop to earth within a few miles 


Fig. 1. Fireball of November 15, 1925, as seen at the Vesper Club Course; 
sketch by F. W. Hale. 


or a few rods. The most promising of these reports was investi- 
gated by a representative of the Harvard University Department 
of Mineralogy, who found no foundation for the statement of a 
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fall. The general bearing, as seen from the neighbourhood of 
Boston, and determined by compass observations of noted land- 
marks, was N 17° E. At the Vesper Club, Tyng’s Island, in the 
Merrimac River, it was N 22.5° E; at West Pawlet, Vt., N. 65° E; 
at Swiftwater, N.H., N 52° E. These, with others more roughly 
taken, indicate that he meteor ended over the great bend of the 
Androscoggin River, in southern Oxford County, Me., if it did 
not come to earth there. The time of apparition was very well 
determined as 10.28 a m., by several t mepieces and by the ringing 
of the church bells, as noted by many people who saw the meteor 
while on the way to church. 

Several observers sent in finished and instructive pictures of 
the meteor, of which Fig. 1 is an example 

This meteor could not have come from the Leonid radiant. 

Again, in the morning papers of December 30, 1925, remarkable 
bright meteors leaving brilliant and long-lived trains were reported, 
from points in Quebec, Ontario, the New England states, New 
York and Pennsylvania. Dr. Shapley again felt that the matter 
should be followed up, so a questionnaire was put in circulation 
that afternoon, through the same agencies as before. At the 
Dominion Observatory, Ottawa, similar appeals were sent out 
in the same manner, through press and radio, and some thirty 
or forty replies were received. After correspondence between 
Director Shapley and Director R. Meldrum Stewart, and after 
consideration of an offer to turn over to the Dominion Observatory 
the data collected at Harvard, it was decided to place in the hands 
of the writer, at the Harvard Observatory, all the reports received 
at Ottawa; which made a total of over two hundred and sixty re- 
ports to be discussed. 

After a search in the bookstores and stationery shops of Cam- 
bridge and Boston, there was selected, as a base map for plotting, 
an automobile road map, scale 25 miles to 1 inch, covering Ontario 
and the eastern United States, from Evansville to the St. John 
River. This map lacks meridians and parallels, but has numerous 
place names, and is accurate enough.* On it the place of each 


*The airline distances between state capitals, as given in a table of the U.S. 
Geological Survey, were compared with distances measured on the map. It was 
found that, in the area of observations, distances measured in millimeters on 
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observation reported was marked with a large blue dot. These 
dots were dense about Boston and New York City, and quite 
numerous in the southern half of New England, in north-eastern 
Pennsylvania and in the Susquehanna Valley in southern New 
York. From Johnstown, N.Y., westward in the densely industrial 
region of central New York, and westward from the Finger Lakes 
few or no observations were reported. The extreme points were, 
Orillia, Ont., Chipman, N.B., Madison and Monhegan, Me., 
Block Island, Spring Lake Beach, N.J., near Easton, Md., Bridge- 
port, W. Va., and Newark, O. In fact, it was cloudy or rainy 
about Lake Ontario and westward. 

The moments of apparition were reported generally as esti- 
mates, in some cases with half an hour leeway. However, a few 
persons had referred to watches or clocks. All times in the following 
are for meridian 75° W, Eastern Standard, unless otherwise stated. 

The reported azimuths or bearings were regarded as “ precise”’ 
if stated to one “‘compass point”’, or related in some way to land- 
marks or planets, etc., so that they could be deduced with such a 
precision. In most cases the azimuths were general, not dis- 
tinguishing the ends of a meteor’s path. The precise azimuths 
were first plotted on a small scale map, and were found to indicate 
several meteors, instead of one only. This has greatly complicated 
the interpretation of the data. Trials in detail showed that these 
could not be separated by means of the reported times, even by 
watch and clock times, for the meteors seemed to have come too 
close together. Also the reported altitudes could not be used for 
separation, as they seemed in most cases te be estimated too high. 
It was not safe to use descriptions of the meteor trains, for meteors 
of a group would be not unlikely to form similar trains, which 
would be subject to like distortions in the air. The only recourse 
was to azimuths; so all the azimuths were plotted on the map, 


the map, less 1/250, give the tabular distances to 1 statute mile or less. The 
lack of meridians is an inconvenience, but is not insurmountable; and azimuths 
drawn or measured on the map are only needed for qualitative indications. The 
exact intersections of lines of sight were determined by observers’ positions 
measured on Century and Hammond atlas maps and by special computation 
and plotting, as shown later. Computations of heights, however, were based 
on road map distances and the angles of elevation reported. In comparison 
with the best of these angles, an error of a mile on the ground is unimportant. 


fy 
=f 
ais 
a 
« 
4 } 
— 


Fireballs of November and December, 1925 229 


the precise in red, the rough in blue. The map looked as if it had 
been strewn with red and blue jackstraws, especially in the neigh- 
bourhood of Boston and New York City. But the density of 
intersections of the azimuth rays, ‘‘sight-lines’’, prolonged made 
it probable that there were meteors as follows :* 

(1) A meteor from SE to NW, nearly over New Haven, Ct.; 
at 5.22 by a watch accurate to 1 sec. (Prof. E. S. Dana), with 
several estimates agreeing pretty well. The reported durations 
of flight agree ill. The train was visible some time; by one clock, 
8 min. (but this observer’s statements, both as to azimuth and 
moment of apparition, make it possible that the object was differ- 
ent). Another observer estimates the duration of the train as 
8 min. Four lines of sight intersect in an area south of Montauk 
Point. One report of brightness says, twice that of brightest 
planet. Six reports seem to refer to this meteor. 


(2) A meteor from SE, at 5.28, mean of six, all apparently 
estimates. This seems to have gone nearly over Medway, Mass., 
and to have vanished low down. The durations of flight agree ill. 
There was a train, lasting “several minutes’’, 3 min., 5 min. One 
observer saw the train high over Boston, only after the meteor 
had passed. As to brightness, observers say, ‘‘enormous star’” 
“gigantic star’, “larger than Jupiter’. The azimuths are not 
precise enough for use. Nine reports seem to refer to this. 

(3) A meteor going toward some northerly or north-easterly 
direction, over a region near Johnstown, Pa., at 5.25, by a watch 
“‘keeping standard time’’, with eight fairly agreeing estimates. 
Duration 4+sec., mean of two estimates. Duration of train 
probably about 12 min., by notes on sketches, or 20 min., by 
another report. The reports on which the position is based are: 

Belmont, Vt., Mrs. O. A. Priest; W 15° S, magnetic (=about 
N 120° W, true). 

Bethany, Ont., H. Russell; directly south. 


*A good many reports (at least twenty) cannot be reconciled with any 
position so obtained. Most of these are so careful and detailed that they must 
refer to meteors in addition to those listed here. Three of them give moment of 
appearance, determined by watches or railway train positions, certainly previous 
to 5.20. Six of these reports have to do with bright meteors lacking trains. In 
general, one is reminded of the meteoric procession of February 9, 1913. 
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Bridgeport, W. Va., Mrs. D. F. Corpening; facing the north-east. 
. Charlestown, W. Va., H. K. Ambler; appeared W of NW, dis- 
appeared N of NW. 

Easton, Md. (6 mi. NNW), L. S. Arnold; W by NW. 

Harrisburg, Pa., S. C. Spengler; in west. 

Jersey City, N.J., A. Magonan; by sketch, S of W. 

Perth Amboy, N.J., C. S. Heberlin; W to NNW. 

Sayre, Pa., Percy Reeves and Mrs. Reeves; by sketch, train S of 
W, N of Venus. (The interesting sketches by these observers are 
shown in Fig. 5). 

South Orange, N.J., J. Arnold Pulsford; W 10° N. 

Worcester, Mass., G. Lowell Field; WSW. 

These azimuths cannot be used to define either end-point. 
Perhaps some of the points referring to the Bloomsburg position 
could be placed here, as Boston, Bloomsburg and Johnstown are 
nearly in a straight line; but the nearer point has been preferred. 

Of the brightness of this meteor, observers say: “Astral body 
of great magnitude”; ‘glowed with a white heat’’; “‘a brilliant, 
almost blinding, white in colour, many times larger than the 
largest falling star’’; ‘‘about half the size of the moon in width”’. 

Eighteen observers seem to refer to this meteor. 

(4) A meteor over the west end of Lake Ontario, Oswego to 
Clayton, N.Y., perhaps as far northward as the zenith of Ottawa. 
One watch, at Norwood, Mass., read 5.20, as first observation of 
train, which was followed to 5.45. The observer at Williamsport, 
Pa., saw the train from 5.24 to 5.28, doubtless watch times. Various 
estimates range from 5.00 to 5.30. The observations for position 
follow: 

Williamsport, Pa., H. B. Mussura: train only observed; upper 
end N 10.5°+ E, lower end N 13°+ E, by compass reduced to true 
bearing. Altitude (upper end?) 48°+, slope 70°NW (sketch). 
Evidently very carefully done. 

North Creek, N.Y., B. Andrews; letter not dated, but doubtless 
refers to December 29; train only observed. The first of four 
sketches shows a straight thick train prolonged by a short thin 
train; hour “‘about 5.30”. On the two sides of the train are two 
stars marked “large star’’ to right, ‘small star’’, to left. The 
slope of the train, measured on the sketch, is 35°. Trial shows 
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that Venus and Jupiter cannot be the two stars, for the direction 
in general is stated to be “directly in the west’’; but Vega and 
Altair fit very well. A straight line was drawn on the sketch 
through ‘large star’’ and “small star’’; by measurement and 
linear interpolation between Vega and Altair the intersection of 
this line with the mid-line of the thick train has computed position 
N 93.5° W+27°. Plotting on a celestial globe, the points from 
upper end down are, (1) N 100° W+30°; (2) N 92.5° W+27° (to 
check with the above); (3) N 79.5° W+20.5°; (4) N 71° W+15.5°, 
end of the thin train. These are presumably as accurate as the 
data can give. This report is evidently very careful. 

Sharon, Vt., H. A. Aldrich; appeared a little S of W, disappeared 
almost NW;; initial altitude one-third up to zenith, disappeared 
behind the horizon. Slope 45°+, duration of train 10 or 15 min. 

Touisset, Mass., W. Anthony; appeared about NWbW, dis- 
appeared about NW;; train lasted 15 min., flight 5+sec.; slope at 
first 45°, then straight down. 

The Williamsport and North Creek reports are the most precise. 
Plotting on the road map, they place the upper end of the train, 
projected on the ground, 4 mi. due S of Oswego, N.Y., and the 
lower end, similarly, 2 mi. due W of Clayton, N.Y.; course N 19° E; 
length on ground 63 mi.=101 km. Using the points as numbered 
under the North Creek report, and measuring distances on the 
map from North Creek, the height of these points come out: (1) 122 
km.; (2) 102 km.; (3) 70 km.; (4) 52km. Or, computing point (1) 
from the height of point (3), the projected path-length and the 
slope 35°, again the height is 122 km. Point (3) seems to have 
been the bursting point of the meteor, recorded in the train. 

The estimates of duration are “‘short’’, ‘few seconds’’, 2, 5, 
5+; mean about 4 sec. From these no velocity can be derived, 
for, the mean time is too uncertain, the precise observations are 
of the train only, after the flight by an uncertain interval, and the 
lower end seen at Williamsport may not be the thin lower end 
of the whole train seen at North Creek. If it is the lower end of 
the thick train, then the projected length is about 46 mi.=74 km. 

Of the brightness of this meteor reports are: the size of Venus, 
only red; twice Venus; bright streak of light in the western sky, 
from which shot a star at the lower end; brilliant ball of flame; 
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one-third to one-half the diameter of the moon; about the same 
brilliancy as Venus. 

The direction and slope of the meteor, the computed bursting 
height, and the changes of the train, as shown by the sketches 
from North Creek and elsewhere, show a great resemblance to 
the corresponding data of the Hornell fireball, below. 

Thirty-five réports seem to refer to this meteor. But among 
them are some which point fairly concordantly in the general 
direction from Boston to Massena, N.Y., and Ottawa. Among 
these might be counted the reports from Sharon, Vt., and Touisset, 
Mass. It is impossible to disentangle any further definite infor- 
mation, for lack of cross bearings. But this Oswego-Clayton 
meteor and the other, if any, towards or beyond Massena, seem 
not to have been reported from Ottawa, on account of great 
angular height, or other difficulties. 

(5) A certain number of observations, more or less de‘nite, 
indicate one or more meteors either over Lake Ontario or to the 
north or west of the lake. Azimuth lines are dense on Lake 
Ontario, about halfway across south of Colborne, Ont.; near 
Guelph, Ont.; a little east of Rice Lake; and in the neighbourhood 
of Gull Lake. Some of the observations cannot be satisfied by 
any of the meteor positions elsewhere on this list: 

Rideau Ferry, Ont., Miss D. Hall; directly west. 

Clarksburg, Ont., Mrs. A. Gibson; S, from sketch oriented by 
buildings. 

Hamilton, Ont., Mrs. J. L. Coomber; coming from S. 

West Fairview, Pa., C. C. Britten; in a northerly direction. 

(6) Several precise and rough azimuths seem to indicate a 
meteor over an area east of Bloomsburg, Pa. The moment of 
apparition was 5.2514, mean of two watches, one of them noted 
as checked by Arlington radio and accurate “‘to seconds’’. Another 
observer says 5.25 ‘‘almost exactly”’, and still another estimated 
5.26 from the docking time of the North River ferry boat from 
whose front platform he saw the meteor. Numerous observers 
estimate about 5.30, and some whose estimates range widely 
include 5.253. The duration of flight was 2.5 sec., weighted mean 
of eight estimates and one count of seconds by the formula: one- 
thousand-one, one-thousand-two . .. , which gives an easy method 
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of measuring a few seconds without reference to a watch. By 
this, J. W. De Bruyn got 3 sec.; in averaging, his observation was 
weighted 10, all others 1 each. The duration of the train was 7.3 
min., mean of three watches; others reported estimates of 2 min. 
to 20 min. The direction of motion was northerly. The data 
on altitudes are hopelessly inconsistent. The mean slope, by 
five estimates at positions fairly favourable, was 30.4°, down to N. 

Mr. De Bruyn was at the corner of Dartmouth and Boylston 
streets, Boston, when the meteor flew. From his diagram and 
description the initial point was over the Hotel Lenox, the ending 
point low and a little to the right (N) of the curb-line of Boylston 
St.; this would make his line of sight practically parallel to the 
curb-line, hidden by posts, etc., a short distance away. This 
street line prolonged as a great circle passes south of Hazleton, Pa. 
The data do not supply a determination of the end-point. It is 
unfortunate that there was no other precise report to use with this. 

One may raise a question as to the real existence of this meteor, 
whether the group of intersections is not due simply to the crossing 
of lines of sight from Boston and vicinity to Johnstown with 
others from New Jersey and the vicinity of New York City to 
Hornell and the Thousand Islands. But, unless one goes back 
of the evidence, this has as good standing as the meteor from 
south of Montauk Point. Twenty-two reports seem to refer to 
this meteor. 


(7) Of all the meteors which appeared on the evening of Decem- 
ber 29, the one most widely observed was over a region near and 
south of Hornell, N.Y. From ninety-six reports apparently 
relevant to this the following data have been derived: 

Apparition, mean of 8 timepieces 5h 26m 15s+1 m. Spread, 
23 m. to 30 m. 

Duration of flight, mean of 14 estimates, 3.14s+0.5s. Spread, 
2s to 6s. 1/8 of this used. 

Duration of train, accepted value, from a clock, 20 m. 

Duration of train, mean of 9 watches, 10 m. Spread, 4 min. to 
15 min. 


Explosion or ending point, projection on ground, from plot of 
three lines of sight, N 42° 18’+2’, W 77° 32’+5’. 
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Beginning point, projection on ground, from plot of six lines 
of sight, N 41° 51’+5’, W 77° 46’+7’. 

Inclination to horizontal, from 7 sketches and 5 estimates, 
35°+7°. 

This includes a correction for perspective, based on a vertical 
plane of motion nearly through Ottawa, N 22.5° E from the ending 
point. 

Path length, projection on ground, measured on plot, 28.6’ +8’, 
=32.949 mi.=53.0+14.5 km. 

Inclined path length, from above, 40.2+7.0 mi. =64.7+11.0 km. 

Velocity relative to earth’s surface, 12.8+2.2 mi/sec=20.6+ 
3.5 km/sec. 

Height, ending, 41.0+1.0 mi=66.0+1.6 km. 

Height, beginning, 64+7 mi=103+11 km.* 

The derivation of the above data will next be discussed. 

The weather in the neighbourhood south and west of Lake 
Ontario was apparently cloudy; elsewhere, to north, south and 
east, beautifully clear. The moment of appar tion was after 
sunset, while the lower sky was still glowing. Venus and Jupiter 
were bright in the southwest and west, but very few observers 
say anything about the visibility of any stars beside, and most 
who do, say that none were visible. One uses Polaris as a reference 
point. One or two refer to the position of the recent sunset, or 
to the sun where it would be when “an hour high’’. The references 
to planets were the most useful. 

The moment of apparition given above is the unweighted 
arithmetic mean, as are also the duration of flight and the duration 
of train. 

Having found that numerous azimuths plotted on the road map 
indicated a meteor near Hornell, N.Y., the position of this place 
was taken from the atlas, N 42° 20’, W 77° 40’, and used as an 
arbitrary origin. It is important that this origin be near the 
meteor path, but its accuracy as to Hornell is of no account; it is 
like the assumed position in the St. Hilaire method in navigation. 


*In this table the number following + represents, not the ‘‘ probable error”’ 
of least squares, but the largest error which the writer would admit. It is 
commonly found here by taking one-fourth the result of the spread of the data 
selected, except as noted. 
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This origin was taken at the middle of a sheet of squared paper, 
scale 1'=2 mm.; i.e., the plane of the paper was made tangent to 
the sphere at the arbitrary origin. The line of sight of each obser- 
vation used (derived from observer’s station, taken from an atlas 
map, and the reported or deduced azimuth at station), was plotted 
across this sheet by bearing and length of a normal from origin to 
sight line. The mass of “general” sight lines made it clear that 
the region had been properly selected, and certain of the more 
precise observations of the end-point located the projection of the 
point on the plot quite exactly. 

For computing these lines of sight the rhumb line methods of 


Fig.2 Fig.3 


dead-reckoning navigation fail. It is evident that if an observer 
says the object was “due west’’, it must be found in a latitude 
lower than his, and not on a westerly rhumb line, a parallel of 
latitude. 

For fireball reductions the spherical trigonometry required is 
simplified by the facts that observer and object are not likely to 
be over five or six degrees apart, and that the observations are at 
best so crude that the flattening of the earth is unimportant, so 
that an average value of the radius will serve well enough. 

Either of the following methods puts the computing within the 
power of a ten-inch slide rule. 
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In Fig. 2, P is the small difference of longitude of the observer's 
station (latitude ¢;, at vertex Z,) and the arbitrary origin (latitude 
¢2, at vertex Z,). Then, by a formula of spherical trigonometry, 
in which small angles or arcs have been made equal to their sines, 
the distance y is found from 

= (¢1—¢2)? [1+ cos ¢: cos P?/(¢:1—¢:2)?] very nearly, and 
also 
sin Z,;=cos ¢2 P/y, sin Z2=cos ¢; P/y. 

The bearing of the meteor being PZ,M=2Z’, the normal p from 

the origin Z2 on the line of sight Z,M is given by 

p=y sin (Z’—Z,) nearly. 
This is drawn from vertex Z, in the direction given by assuming 
the small triangle Z,Z,M a plane triangle; whence the bearing of 
M from Zz, to be taken with the proper sign, is 

90° —(Z’ —Z,)+Zz nearly. 

This solution fails in practice when Z, and Z; are nearly right 
angles, and so are badly determined by sine. Then the second 
method is valuable. In Fig. 3, P is the difference in longitude 
between the observer's station at Z, and the origin O, Z,Z,M is 
the line of sight to the meteor, ¢2 is the latitude of the point Z, 
where this line of sight cuts the meridian of O. On PO cut off 
an arc=90°—¢,, draw the base Z’Z” of the isosceles triangle, and 
bisect P, forming equal right triangles. Then 

cot Z’=tan P/2 sin @;, or, in the practical case, Z’ being but 
little smaller than 90°, 

90°—Z’=P/2 sin ¢; nearly. 

The base arc Z’Z’’= P cos ¢; nearly, 
and Z,.=180°—(Z,+P sin nearly. 

Whence ¢:—¢2=P cos ¢; tan(Z,—Z’) [1+3P sin cot 

The normal OM = (¢2—¢0) sin Zs, in which gp is the latitude of 
the origin O, and it is drawn from O in a direction given by 
+(90°—Z,). 

This second method was generally used in computing sight 
lines, without the bracketed factor, Z, being usually fairly large. 
When both methods were used, the omission of the bracketed 
factor gave results agreeing with the first method within the limits 
of uncertainty due to the data, including the observer’s position. 
This last is almost always as much as a half arc-minute, and gener- 
ally much more. 
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Having plotted the !'nes of sight, for a point on a meteor path, 
the projection of this point on the ground is found by measuring 
the co-ordinates of their intersections, weighting these co-ordinates 
according to judgment, and finding the weighted means. These 
give differences of latitude and longitude with regard to the arbi- 
trary origin, and so latitude and longitude of the projected point. 

To find the height of a point on the path, from reported angular 
altitudes, a formula was derived in which the effect of atmospheric 
refraction was introduced. But the errors due to neglecting 
refraction were found to be negligible compared with the discord- 
ances of observations. In fact, except when comparisons with 
planets were made, the tendency was to exaggerate the angular 
altitudes. Consequently this simplified formula was adopted, for 
height H at surface distance D, earth radius R: 

H=d?/R+d tan e, 

in which refraction is ignored, and d*/K is a curvature term, d tan e 
is a term due to angular elevation e. With this, the height was 
computed with the reported altitudes, and such results as seemed 
absurd were rejected. The usable heights were weighted by sin 2e, 
to weaken very small and very large distances from the object, 
and by a factor representing the writer’s judgment as to the in- 
trinsic quality of the observations. 

The angle of inclination was cleared of perspective effect by 
the formula, 

tan J=tan i sin Z, 

in which 7 is the observed inclination, J the true inclination and 
Z is the difference in azimuth, at the lowest point of the path, 
between the vertical plane of the motion and the observer’s station. 
This is inaccurate, because it assumes the observer to be on a plane 
level with the lowest point of the path; but the observational dis- 
crepancies are such that this error is of little importance. Values 
of i were used, observed at favourable places and which seemed 
reasonable. The simple mean of tan 7 sin Z was computed, and 
from this, J was found. 

The ending-point being much better determined than the 
beginning, the height of the beginning-point was found from 
height of ending-point, projected path length and inclination. 
The plane of motion was known from the stations which reported 
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the inclination as 90°, a vertical line. These were in the direction 
of Ottawa, Ont. (In finding the projection of the initial point, 
the weights of intersections were influenced by the direction of 
this plane; the projection was forced toward this plane by weight- 
ing). 

The observations used for projected end-point follow: 

Hull, Quebec, W. H. Coombs; SSW. (This also served as an 
observation of the beginning). 

Peterborough, N.H., Mrs. A. C. Vaughan; disappeared about 
at the peak of Mt. Monadnock. The observer marked the position 
of her home on a topographical sheet, which gave a distance 
between sighting points of over eight miles, and enabled a good 
measurement of azimuth to be made on the same map; N 96.0° W. 

Binghampton, N.Y., J. R. Weeks, Meteorologist, U.S. Weather 
Bureau; 280° true, by compass observation of train within three 
minutes after the meteor flight. 

The observations for projected beginning point follow: 

Hull, Quebec, as above. 

New Haven, N.Y., G. N. Lindsley; appeared directly below 
Venus; (=N 142.2° W). 

Glenfield, N.Y., Mrs. F. G. Bates; by interpolation on sketch, 
between Venus and Jupiter, N 139.4° W. 

Peterborough, N. H., Miss A. B. Cutler; appeared just to the 
left of the peak of Monadnock. The observer marked on a topo- 
graphical map the position of her home, which gave azimuth of 
the mountain top, N 98.9° W, and the direction of the correction. 

Binghampton, N.Y., as above; 260° irue. 

New Haven, Ct., D. M. Hetler; by observation through noted 
leaded window panes, and later of time, with a Tauri in same 
azimuth through the same window, N 82.8° W. Apparently with 
great care. 

The most important observations on inclination were those 
made where the path was seen as a vertical line. These were: 

Morrisburg, Ont., R. L. Duval. 

Ottawa, Ont., C. M. Keillor, M.D. 

Sharp Corners, Ont., G. H. Brooks, sketches. 

West Ottawa, Ont., Rev. John A. Bradford, sketches. 

Chelsea, Quebec, Rev. E. Geoffrey May, sketches. 
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The observations of inclination next in importance were those 
made at positions well removed from the plane Hornell-Ottawa, 
1.€., particularly in New Jersey and about New York City. These 
follow. All the slopes given are of course rough. Those taken 
from sketches were measured with a protractor. 


Amherst, Mass., M. O. Lanphear..... 30° from sketch 
Arthursburg, N.Y., G. R. Thew...... 45 
Boston, Mass., J. F. Leahy......... 35 
Brooklyn, N.Y. W. R. Ryan........ 29 
Easthampton, Mass., W. J. Lee...... 56 
Manchester, N.H., Miss M. Lathe... 30 4 sj 
Mansfield, Mass., F. S. Boltz........ 50 
Moosup, Ct., T. J. Seaton........... 55 to 40 Yr 7 
Palmerton, Pa., H. M. Cyr.......... 30 
Ponkapoag, Mass., S. Cobb......... 23 
Roslindale, Mass., E. T. Jones....... 49 parallel to line 
joining Venus and Jupiter. , 
St. Johnsbury, Vt., C. O. Peterson... 30 
Wilkes-Barre, Pa., P. L. Drum...... 45 


Using all twelve, with equal weights, mean tan 7 sin Z=0.696+, 
spread 0.39 to 1.11; adopted J=35°+7°. Z was measured on the 
road map, with centre the projected ending-point, from the direction 
of Ottawa, to about 3°. 

The height of the ending-point was deduced from the following: 

Apponaug, R.I., G. S. Wallace; about the height of Jupiter. 

Binghampton, N.Y., J. R. Weeks; estimated altitude at northern 
end, 3 min. after meteor flight, 20°. 

New Haven, Ct., D. M. Hetler; from dimensioned diagram, 5°+. 

Ponkapoag, Mass., Sidney Cobb; 13°, estimated. 

Williamsport, Pa., E. S. Hippey; 30°, estimated. 

Weighted as described above, the height is 42.1 mi. 

An independent check on these altitudes was supplied by an 
observation of the vanishing redness of the train, which was noted 
by many observers. Mr. Walter Gilgallon, Scranton, Pa., remarked 
about the train immediately after its formation at 5.26: 

“End nearest earth rose-red, rest lighter, not less brilliant. In 
about a minute, colour softened; after two minutes, smoky.” 
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At 5.28, the height of the lowest sunlight over Hornell was 
40.0 mi. This depends on the following data: 

Horizontal refraction=34’, standard conditions; barometer, 
30.5 in., thermometer, 15° F, estimated from 8 a.m. weather maps 
of December 29, December 30; centre of sun on horizon of train. 
The formula used is 

H= sec (h+2r) —1], 
where n=actual index of refraction of air at earth's surface, h= 
sun’s true altitude at Hornell, r=actual horizontal refraction at 
earth’s surface; h and r are both negative. 

The mean of 42.1 and 40.0 is 41.0 mi., adopted as the height of 
the end-point. This is not regarded as being over 1 mi. in error. 

The initial point computed from this, projected path length 
and slope, =64+7 mi. 

A high intermediate point was calculated from an estimate 
referring to Venus, by W. S. MacQueen, Ogdensburg, N.Y. This 
gave 56.6 mi., which is consistent with the initial and end heights 
above. 

The numerical results above are reasonable, not excessive, on 
comparison with values given by other meteors in the past. The 
method of least squares has not been used in the calculations. 
The writer has picked and chosen among the data, and weighted 
data according to his judgment. 

By the usual methods, but neglecting diurnal aberration, orbit 
elements are derived from the mean values above, as follows: 


Correction for zenith attraction............. 5° 10’+ 

True zenith distance of apparent radiant... .. 60° 10’+ 
Azimuth of apparent radiant............... 202.5° true 
Local sidereal time at ending-point.......... 23h 47m 31.4s 
Elongation of apparent radiant from apex.... 144° 49’ 
Velocity of meteor, heliocentric. ............ 41.77 km/sec. 


This may be compared with the sun’s parabolic velocity at mean 
distance of earth, 41.85 km/sec. The remarkable smallness of 
the difference must be laid to happy chance. But the meteor 
must be considered to have had parabolic velocity. 

Ecliptic coordinates of true radiant: 354° 11’, —2° 02’ 

i= +2° 05’, log g =9.9679, 2=97° 47’, »=332° 49’. 


Fireballs of November and December, 1925 241 


From the possible errors of the mean values adopted, it is 
evident that the above elements are sv))ject to considerable errors. 
But the motion was certainly direct, and the apparition after 
perihelion. 

In the lists of comets by Valentiner and by Crommelin, revising 
and extending Galle’s ‘‘Cometenbahnen”’, no elements are given 
which fit the above well enough to suggest an identity. And also 
this meteor does not belong to any noted shower swarm, in spite 
of its nearly parabolic velocity. 


In the following the reports on the brightness of the Hornell 
meteor are arranged in the order of distance, approximately in 
miles, from the projected end-point: 

115 mi. Scranton, Pa., W. Gilgallon; ball of fire, about six times 
as large as Venus. 

212 mi. Sharon, Ct., Dr. C. W. Bassett; round, one half the 
diameter of the full moon, pale yellow. 

216 mi. Brooklyn, N.Y., W. R. Ryan; brilliant greenish white. 

257 mi. Amherst, Mass., M. O. Lanphear; large glowing ball 
on the forward end. ... Light from the ball [bright enough! to 
make a flash in my room. 

284 mi. Gardner, Mass., J. A. Brouillet; ... first dark red... 
became a brighter red . . . gigantic size . . . from a bright red to a 
white, like welding heat. 4 

314 mi. Manchester, N.H., Miss M. Lathe; round, about twice 
as large as Venus. Bluish white, around that yellow. This went 
into red. 


320 mi. West End, N.J., L. Mayer; ball of fire, turning red. 
Like a search-light shining through a dark sky. 


324 mi. Ponkapoag, Mass., S. Cobb; bigger than Venus. 
329 mi. Roslindale, Mass., E. T. Jones; at first as bright as 
Venus, increased to size of full moon overhead. 


346 mi. Newington Center, N.H., J. F. Hoyt; a very large 
golden bright star. 


The flight of the Hornell meteor is very variously described. 
A few selections from the accounts follow: 


Arthursburg N.Y., G. R. Thew. First like a shooting star, 
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then looked like a large comet. Suddenly the comet left the tail 
behind and descended to the earth. 

Gardner, Mass., J. A. Brouillet. I saw a meteor or fireball 
coming from the south headed toward the earth in a northwest 
direction . . . it burst in several pieces, the main body disappearing 
and the fragments going in all directions and remaining visible for a 
second or two, then disappearing one after another. 

Lancaster, Mass., Miss G. W. Quincy ...a falling star... 
rather low in the western sky a brilliant streak of light, somewhat 
resembling a rocket, shooting down towards the horizon, only 
not straight, but with a zigzag in its course. Then suddenly it 
seemed to flash off a lot of brilliant streaks, and a ball of fire appar- 
ently dropped off the end and fell toward the horizon. . . . 

New Haven, Ct., D. H. Wenrich (sitting in front of a west 
window) ...saw what appeared to be a very bright star... it 
suddenly started off at a tangent toward my right (northerly), 
leaving behind it that beautiful luminous wake... and then 
burst. There seemed to be many fragments, at least one of which 
made a light streak as it fell almost directly downward. . . . At first 
the wake was double, a dark streak down the middle indicating 
that the luminous material was thrown off on either side. The 
dark streak soon disappeared. . . . 

New Haven, N.Y., Grant M. Lindsley; . . . unobstructed view 
in all directions . . . and was noting the brightness of the night 
and particularly that of the evening star... when. . . seemingly 
directly below this star a ball of fire shot in a zigzag course in a 
westerly direction. The first part of its course seemed to be 
diagonal in a westerly direction, then perpendicular, then diagonal 
in a westerly direction . .. went behind a small cloud. . . . Almost 
immediately from the beginning of the flash a serpentine cloud 
appeared. ... 

Peterborough, N.H., Miss A. B. Cutler; . . . a star directly in 
line with the top of the mountain (Monadnock) exploded and 
dropped, . . . leaving a trail of bright yellow light behind, . . . then 
the ball of fire detached itself and dropped the remainder of the 
way, leaving no trail, and disappeared... . 

Schenectady, N.Y., D. O. Woodbury. Meteor not seen in 
flight, but . . . its trail of smoke, which was at first very brilliant 
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and then faded out, in about 12 min. . . . at near 5.30 it appeared 
as an almost pure white streak across the sky, low down, just at 
the upper level of the afterglow . . . perfectly straight and seemed 
to have a very slow motion in our direction. It did not become 
any larger as I watched it. A minute or two later the upper half 
of the streak began to bend to the right, and to move fast enough 
to be easily perceptible. [Then 2 min. exposure with f/7.7.] While 
I was taking the picture the colour of the meteor gradually 
changed from white to pink and then to red, and later faded and 
spread out, coming more and more rapidly towards us. . . . The 
portion of the streak away from us did not seem to be moving 
and remained about where it was first seen... . 

Scranton, Pa., Walter Gilgallon. The initial appearance of the 
fireball was at the highest point in... its path .. . seeming a quarter- 
circle... . It appeared as a ball of fire, about six times as large 
as Venus. . . . A tail of flame followed it until it had passed through 
an arc of about 45°, when it appeared to rest for an instant, at 
which time two bright pieces shot out from it, with another piece 
of lesser brilliancy in the centre of them. . . . The tangent width 
of the three pieces was about the diameter of the fireball, and they 
led the fireball to the horizon by an arc of about 15°. 

At the spot where the fireball seemed to stop momentarily, a 
bright red light, of apparently light density, remained in the sky, 
although the fireball almost instantly continued on its way to 
the horizon. From this red spot, a path about the width of the 
fireball, and forming an arc of about 22°, became suddenly illumi- 
nated. The position of this illuminated arc being about 23° from 
the place where the fireball first appeared, and continuing to 45° 
from the starting point. The end of this path nearest the earth 
was a rose-red colour, and the rest a lighter colour, but not less 
brilliant. In about a minute the colour in this illuminated ribbon 
softened considerably, and after two minutes it appeared smoky, 
like a white cloud. At the end of four minutes the ribbon buckled 
in the centre and formed a Z, the illumination becoming dimmer, 
and the width and length of the arc about twenty-five per cent. 
greater.... 

West Ottawa, Ont., Rev. J. A. Bradford . . . my attention was 
drawn to a luminous body having the brightness of a star descending 
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in a perfectly perpendicular manner until it reached a certain 
point, when particles of luminous matter began to scatter, in 
appearance like the bursting of a rocket, diagonally towards the 
earth. From the midst of this spread of luminous matter appeared 
a ball of fire steadily increasing in size to fairly large dimensions. 
Its circumference was of a reddish tint having an exceedingly bright 
centre. Then all of a sudden it seemed to burst and immediately 
vanished . . . deliberateness of the whole affair . . . ample time for 
observation. 

Beside the observers quoted above there were many who 
described the flight and the train. In the descriptions in general 
there is much variation in detail. The motion is zigzag or straight, 
halting or continuous, the head bursts or no bursting is mentioned, 
the train is initially straight, becoming crooked as it dissipates 
and fades, or it is crooked fron the first. 

Bursting of the meteor, or the projection of small objects 
onward and downward, is recorded as follows, by observers who 
saw the flight: 

Yes, 17; no, 1; no rention, 40; total, 58. 

If any of the fragments reached earth, they should be looked 
for along the path-projection prolorged, from Naples, on either 
side of Canandaigua Lake, to Manchester, Sodus and Lake Ontario. 
a Twenty-one observers say the train was initially straight, as 
Bb seen from points of view from Trenton, Ont., by the east to Apa- 
; lachin, N.Y.; eleven say it was initially (or very soon) crooked; 
thirty-nine in all mention its crookedness as occurring sooner or 


later. 
As to the form of the crooked train, six observers sketch or 
} describe a nose-shaped bend formed in the upper third of the 


straight train, on the upper or eastern side. A curious loop at 
the upper end of the train is described or sketched by five observers, 
at stations which extend, as seen from Hornell, over more than 270° 
4 in azimuth. 
Certain observers speak definitely of the motion of the train 
as a whole. These are: 
Binghampton, N.Y., J. R. Weeks, none; Mrs. J. B. Dunning, 
none. 
Branchport, N.Y., J. W. Nevyns; drifted toward east. 
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Cobourg, Ont., F. McAnerin; travelling southeast at great 
speed. 

Lancaster, Mass., Miss G. W. Quincy; did not change its loca- 
tion . .. watched it against some trees. 

Roslindale, Mass., E. T. Jones; drifted up from the horizon 
quite rapidly. 

Schenectady, N.Y., D. O. Woodbury; seemed to have a slow 
motion in our direction . . . coming more and more rapidly towards 
us. The farther portion of the streak . .. did not seem to be 
moving, and remained about. where first seen. 

Sharp Corners, Ont., G. H. Brooks, steady in position at least 
five minutes. Then gradually changed to horizontal . . . but not 
drifting with regard to the evening star. 

Trenton, Ont., F. Little; did not seem to move from this [first] 
position. 

Summary: no motion observed, 5; to E or SE, 4. 

On this, J. R. Weeks, U.S. Weather Bureau, Binghampton, N.Y., 
says: ‘‘During the following ten minutes it gradually faded away 
without any noticeable changes in shape and without noticeable 
motion except some broadening. This was considered peculiar, 
since it would seem that a wind current strong enough to produce 
the nose-shaped projection toward the east would cause further 
lengthening of the projection and diffusion of the dust-particles 
in it... since the upper and lower ends of the trail were in a straight 
line, and the projection was only on the eastern side, it could not 
mean a twisting in the course of the meteor.”’ 

According to the opinion of H. A. Newton, in connection with 
a meteor of November 14, 1868, zigzag and looped forms of the 
train of December 29 and similar cases are to be regarded as local 
accidents, due to the special circumstances of the flight. The 
lack of motion of the train as a whole, reported at Binghampton, 
may well be due to a general drift toward Binghampton, such as 
four observers report, combined with a descent. The approach 
toward Binghampton would have amounted to ten miles out of 
eighty-six total distance during the ten minutes of observation 
there, if we assume such a speed as Prof. Newton computed. This 
would have produced an appreciable perspective broadening, to 
say nothing of the internal spreading of the cloud. Lancaster 
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Amherst. Mass. Honover. N.H, near Trenton, Ont. Adams.NY. 
\\ 
lime West Ottawa, Ont. Apalachin. NY. 

Morewood , Ont. — 
Bingham pton, NY. 


North River Ferry Bridgeport.Ct. £.Saugus, Mass. 


Palmevton. Po. Greenfield= Hawkesbury, Ont. 


Northampton 
Concord, Mass. Lancaster, Holden, 
Mass. Mass. 
stield, 
Fork, Pa. Shavon, Ct. Ww New Haven, Cr 


lewood .N.J. 


NewHaven.Ct. Portchestey,NY. WestEnd, 
Om. 2m. 4m. Set. N.J 
Sharp Comers. Ont. 


Fig. 4. Forms of the Hornell Meteor Train, seen at many viewpoints. 
December 29, 1925. 


AUTHORITIES FOR FIG. 4 

Sketches of Successive Stages: Amherst, Mass., M. O. Lanphear; Chenango 
Co., P. J. Slate; Concord, Mass., Dr. W. B. Bartlett; Hammersly Fork, Pa., 
H. M. Cranmer; Hanover, N.H., B. MacKaye; Morewood, Ont., E. J. Snirle; 
New York Harbor Ferry, W. M. Mooney; Palmerton, Pa., H. M. Cyr; Sharon, 
Ct., Mrs. C. W. Bassett; Sharp Corners, Ont., G. H. Brooks; near Trenton, Ont., 
F. Little; W. Ottawa, Ont., Rev. J. A. Bradford. 

Sketches of Single Phases: Adams, N.Y., H. W. Parker; Apalachin, N.Y., 
F. J. Hickey; Binghampton, N.Y., J. R. Weeks; Bridgeport, Ct., H. R. Sargent; 
E. Saugus, Mass., A. H. Unsworth; Glenfield, N.Y., Mrs. F. G. Bates; R.R, 
Creenfield-Northampton, Mass., H. A. Germain; Hawkesbury, Ont., H. Gourley; 
Holden, Mass., W. W. Gleason; Lancaster, Mass., Miss G. W. Quincy; Mansfield, 
Mass., F. S. Boltz; Maplewood, N.J., J. E. Lambly; Newark N.J., R. F. Haulen- 
beck; New Haven, Ct., D. H. Wenrich; New Haven, Ct., D. M. Hetler; Porchester, 
N.Y., W. C. Thorne; West End, N.J., L. Mayer. 
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and Roslindale are a long way off, and unfavourably placed for 
observing an easterly motion. Sharp Corners and Trenton, Ont., 
on the contrary, are well placed. The observer reporting from 
Trenton does not tell with what he compared the position of the 
train. The observer at Sharp Corners compares with the evening 
star, and does note a very considefable change in position, from 
vertical to horizontal, so that there was a large relative drift, 
easterly or westerly, not determined in sign by this report. On 
the whole, it is safe to assume that the positive statements of 
eastward drift are correct, and that the negative reports are due 
to combined drift and descent, to observer’s distance, or to in- 
complete description. 

We have evidence, then, that, on December 29, 1925, at a 
height between 40 and 64 miles, there was a strong easterly current 
of air, of speed undetermined, but much greater in the upper part, 
perhaps westerly in the lower parts. 

As to the descent of meteor trains, Prof. C. C. Trowbridge asserts 
that the train described by H. A. Newton is the only case of descent 
known, and that descending trains can only be due to descending 
air currents. 

Fig. 4 shows sketches of the train of the Hornell meteor, traced 
or copied by hand by the writer and changed in size to fit the page. 
They are arranged in groups; at the left, sketches of consecutive 
stages; on the right, sketches of single phases. The order in each 
group is by names of places, roughly alphabetical. 

The variations in these sketches are due (barring lack of skill) 
first, to the fact that they were all made from memory a day or 
more after the observations, and that the observations were made, 
not with focussed attention, and with no expectation of making 
sketches or descriptions; second, to the fact that the stages sketched 
were different; third, to perspective, due to differences in the view- 
points. 

No doubt differences in recollection account for the failure to 
agree of Hammersly Fork 3 and West Ottawa 3; these look very 
much alike, but they should be mutually mirror images, nearly. 
Perspective differences are illustrated by Sharp Corners and 
Glenfield, with Venus in the first on the right, in the second on 
the left. The Canadian sketches also show perspective differences 


| 
% 
i 
| 
| 
| 
| 
| 


248 Willard J. Fisher 


in apparent inclination of the straight initial train, and a very 
interesting change from a nearly vertical straight form to a wavy 
horizontal one. These Canadian sketches and descriptions are 
essential to any interpretation of the phenomena, and they illus- 
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Scheneetady. N.Y. (Photo, 5:33) 


Chelsea, PQ. 
w 
5:40 5:43 


Say re, Pa. 


Fig. 5. Forms of the Hornell Meteor Train, from photograph and sketches, 
and of the Johnstown Meteor Train, December 29, 1925. 


trate the value of getting very numerous reports from the whole 
area about a fireball path. 

Fig. 5 shows hand-copied reproductions of the photograph of 
D. O. Woodbury, at Schenectady, N.Y., of the water colour 
sketches of Rev. E. Geoffrey May, at Chelsea, Quebec, both of 
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the Hornell fireball train, etc., and of the crayon sketches of the 
Johnstown fireball train, by Percy Reeves and Mrs. Reeves, made 


at Sayre, Pa. All of these were copied to scale, but are reduced to 
fit the page. 


Mr. Woodbury’s photograph is reproduced from measurements. 
From his description, it would seem that the exposure was from 
5.33 to 5.35, with some uncertainty on account of the watch. The 
train is two or three cm. from the end of a 3X53 inch Kodak film, 
and about one cm. out from the long axis. Nothing else shows 
except a distant hill horizon and two much nearer trees, all sil- 
houetted against the dying glow of the evening twilight, and very 
ill-defined and fuzzy. The lens was used wide open, f/7.7, the 
focussing was necessarily hasty, and the camera was held against 
a piazza pillar during the two minutes. The presence of the trees 
made it seem as if some sort of measurement might be attempted, 
and Mr. Woodbury was so good as to make two more exposures. 
One was of a measured length of the eaves of a small garage, at a 
measured distance from the lens, to get the infinity focal length. 
This came out 142.3 mm. The other was of the original land- 
scape, but just before sunset, with the sun (in haze) in the field, 
and a long plumbline hung in the foreground, to give the vertical. 
This was exposed at a noted moment, watch checked by telephone 
from Western Union Telegraph Office. 


Assuming Schenectady as W 73° 56.6’, N 42° 49’, at the moment 
1926 February 20 d 5h 7m 10s PM, EST, the sun’s position was, 
N 108° 38’ W, +3° 44’ true, +3° 57’ refracted. The barometer 
and thermometer were estimated from weather maps, 30.0 in., 
4-10° F. By a plan of measurement used by the writer, for which 
space will not be taken here, the following results were obtained: 


Tree-top (x in Fig. 5) N of sun, 6° 40’, whence azimuth of tree- 
top=N 101° 58’ W; tree-top higher than refracted sun, 2° 28’, 
whence altitude of tree-top=6° 25’. The angular distances of 
four points on the train image from the tree-top were measured. 
These were reduced to differences of altitude and azimuth by laying 
the negative on millimeter paper, with the run of the branches 
hazily indicating the vertical, and so getting values proportional 
to sine and cosine. This method is rough, but nothing theoreti- 
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cally better would be worth the extra trouble. Whence the posi- 
tion of these points: 

(1) N 106° 02’ W, +8° 38’, upper end. 

(2) N 104° 50’ W, +8° 19’. 

(3) N105° 10’ W, +8° 12’. 

(4) N 102° 25’ W, +7° 59’, lower end. 

These are probably accurate to about 1/4°. On account of fuzzi- 
ness, drift and great distortion during the six or more minutes 
since the meteor’s flight they cannot be used to determine points 
on the meteor’s path. The train is shorter than a line connecting 
the end points of the path would be as seen from Schenectady, 
which is to be expected of a red and indistinct object none too 
well lighted. The positions may be compared with compass 
measurements made at Schenectady, of the general direction of the 
train but at uncertain moments. 

C. E. Jennings due west =N 103° W true. 

D. O. Woodbury due west+10° =N 103° W true. 

It is surprising and unfortunate that in these days of unlimited 
amateur photography only one person had the initiative to get a 
photograph of this train. Mr. Woodbury’s photograph was got 
under entirely untried conditions as to light and exposure; the 
writer does not know that a measurable photograph of a meteor 
train was ever made before. With another as good as this, made 
anywhere north or south of the train, measurement would have 
given by far the best determination of a meteor train ever made. 

Acknowledgements for assistance in procuring the data, and 
otherwise, are due to Dr. Harlow Shapley, Director of Harvard 
Observatory, at whose suggestion the attempt was made and 
through whose influence co-operation was secured; to the Bureau 
of Publicity of Harvard University, and to the Associated Press, 
for spreading questionnaires through the newspapers; to Station 
WEE], for reaching the radio audience with questionnaires; and 
to Director R. Meldrum Stewart, of the Dominion Observatory, 
Ottawa, for turning over the reports collected by that observatory, 
reports which have proved essential in unravelling what at first 
looked like a very tangled mass of data. Suitable acknowledge- 
ments cannot be made to the numerous persons scattered over the 
northeastern United States and Canada who have supplied the 
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fundamental information, through about four hundred original 
reports and in many cases by additional statements. 

The work was done under the auspices of the National Academy 
of Sciences, by a grant from the J. Lawrence Smith Fund. 


SUMMARY 


The fireball of November 15, 1925, occurred in the morning of a clear, 
sunny Sunday. It was extraordinarily brilliant, even under such conditions. 
Its time of apparition, 10.28, and its general azimuth in the region about Boston, 
N 17° E, were well fixed; but azimuths at stations suitable for giving good cross- 
bearings were inadequate. It seems to have plunged steeply down, E to N, 
and to have exploded above the horizon of Boston. If it came to ground, this 
occurred probably in the big bend of the Androscoggin River, in Oxford County, 
Maine. 

Several very finished and instructive sketches of this meteor were sent in. 

The meteors of December 29, 1925, occurred in very clear weather, after 
sunset, while the twilight glows were still bright; they were reported from numer- 
ous stations scattered over a great area of Canada and the northeastern United 
States, as brilliant, train-leaving fireballs. They came in two groups, at about 
5.15-5.30; one from the southeast, and the other from a point somewhat west of 
south. Several of them were reported with enough precision to locate the areas 
about their paths, with a general knowledge of direction, slope, etc. One near 
Hornell, N.Y., was described by many observers with sufficient accuracy to 
enable a computation of its heliocentric velocity, almost exactly parabolic, and 
its orbit, direct, intersecting the earth’s after perihelion. 

The train of the Hornell meteor was very long-lived, brilliant and beautiful 
in the sunlight of the high atmosphere, and was seen by multitudes of people 
on their way home from the day’s work. It was greatly admired as the rosy 
rays of sunset reached and left it. Its initial height was computed with satis- 
factory accuracy, and the changes in its form add something to our knowledge 
of air currents above forty miles in height. Of this train the first measurable 
photograph in the history of meteor observation was made, and measured. 

The position and height of another fireball train over Oswego-Clayton, N.Y., 
were well determined, and agreed well with the Hornell data. 

The collection of data on all these fireballs was by questionnaires circulated in 
the newspapers and by radio. The former reached multitudes of observers 
within a day or two; the latter was an interesting application of the new powers 
of broadcasting to a scientific problem when haste was essential. Thanks are 
due especially to the Associated Press and to station WEEI; but also to so 
many others that space does not allow a proper expression. 

The work was done under the auspices of the National Academy of Science. 
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AGINCOURT AND MEANOOK MAGNETIC RESULTS FOR 
1925 


By W. E. W. JACKson 


SUMMARY of the results obtained at the Agincourt and 
Meanook magnetic observatories during 1925 is given in 
the accompanying tables. 

The values of Declination (D), Horizontal Force (H) and Vertical 
Force (Z), for Agincourt and of Declination for Meanook are 
obtained from the mean hourly readings of the photographic records, 
based on absolute observations made each week for D and H and 
twice each week for Z. The mean monthly values of I for Agin- 
court are derived from the means of H and Z. The mean values 
of H and I for Meanook are from absolute observations made 
twice each month for H and once a week for I, and are uncorrected 
for diurnal variations, but are taken alternately morning and 
afternoon, so as to nearly eliminate this variation. The value of 
Z for Meanook is derived from the mean H and mean I. All 
observations are corrected to International Magnetic Standard. 
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SUMMARY OF MAGNETIC RESULTS AT AGINCOURT FOR 1925. 
LAT. 43° 47’ N; LONG. 79° 16’ W 


AGINcouRT DECLINATION WEST 


Mean Daily Range 
: | Mean Date Date 
Month | of |Maximum| of | Minimum|} of | Month| From From 
1925 | Month Max. Min.| Range | 24-hour | Means of 
| Readings | Extremes 
January | 7 7.8) 723.8| 20 6 38.7 19 | 0 45.1 7.4 12.5 
February 6 52.1 8 | 0 25.6 7.2 11.1 
March 7 8.5) 719.7 9 6 56.0 9 | 0 23.7 9.6 13.0 
April 7 9.0| 722.9} 20 6 48.2 7 | 0.34.7, 12.3 17:3 
May 7 8.8) 7 33.6 4 6 25.2 27 | 108.4 12.0 18.3 
June 7 726.1 13 6 9.8 24) 125.3) 11.2 21.7 
July | 7 9.2) 724.3) 28 6 37.4 25 | 0 46.9). 13.0 19.3 
August 17 9.9 7 35.9 23 6 40.6 22 | 0 55.3 14.1 21.1 
September | 7 10.6) 7 53.0} 21 6 21.2 21 | 131.8) 12.4 26.1 
October 711.44 8 14.4] 23 6 36.1 23 | 1 38.3 9.3 23.5 
November | 7 11.5} 8 8.0 9 6 10.3 8 | 0 57.7 8.6 18.3 
December | 7 11.7) 7 30.1 6 6 43.9 28 | 0 46.2 wah 13.3 
AGiIncouRT HORIZONTAL FORCE 
} | Mean Daily Range 
| Mean Date Date 
Month of |Maximum| of |Minimum| of |Month| From From 
1925 | Month Max. Min.| Range | 24-hour | Means of 
| Readings | Extremes 
¥ 7 7 Y 
January | 15733 | 15750 23 15678 19 72 20.2 28.6 
February | 15730 15751 7 15670 9 81 15.5 26.7 
March | 15741 15780 9 15693 15 87 30.1 46.6 
April | 15738 15784 15 15674 20 110 43 .4 66.4 
May | 15738 15802 30 15582 4 220 45.5 68.5 
June | 15735 | 15922 24 15473 13 | 449 50.7 97.0 
July | 15735 | 15831 14 15632 | 26| 199 44.9 74.6 
August | 15729 15842 3 15534 23 308 46 .2 90 .4 
September | 15711 15838 20 15255 21 583 54.4 134.4 
October | 15709 | 16038 23 15295 24] 743 44.8 103 .2 
November 15712 15760 1 15359 9 401 36.5 72.5 
December | 15711 15756 1 15304 28 | 452 34.0 66.3 


| 
| 
i fy 
A 
i 
| 
j 
| 
| 
| 


254 


W. E. W. Jackson 


AGINCOURT VERTICAL FORCE 


Mean Daily Range 

Mean Date Date - 
Month of |Maximum|) of | Minimum] of | Month| From From 

1925 Month Max. Min.| Range | 24-hour | Means of 

Readings | Extremes 
January 57671 | 57715 19 57645 17 70 3.3 26.7 
February | 57660 | 57692 8 57617 9 75 4.9 10.2 
March 57654 | 57662 27 57636 15 26 3.8 7.5 
April 57639 | 57654 15 57597 9 57 6.7 16.5 
May 57634 | 57684 4 57523 4| 161 13.7 29.1 
June 57634 | 57700 24 57455 13 | 245 23.3 45.8 
July 57622 | 57704 14 57480 26 | 224 11.6 30.2 
August 57605 | 57670 22 57376 23 | 294 17.1 36.6 
September | 57607 | 57768 14 57250 21 | 518 21.1 71.9 
October 57607 | 57722 21 57434 24 | 288 16.6 47.3 
November | 57610 | 57684 8 57448 9 | 236 10.1 24.6 
December | 57591 57631 27 57441 28 | 190 10.4 19.8 


SUMMARY OF MAGNETIC RESULTS AT MEANOOK FOR 1925 
LAT. 54° 37’ N; LONG. 113° 20’ W 


MEANOOK DECLINATION EAST 


Mean Daily Range 
Mean Date Date 
Month of |Maximum| of | Minimum| of |Month| From From 
1925 Month Max. Min.| Range | 24-hour | Means of 
Readings | Extremes 
January 17.9| 27 49.9| 19 25 48.7) 19 | 2 01.2 5.1 15.3 
February |27 15.6) 27 41.3} 25 26 45.9 8 | 0 55.4 6.5 15.9 
March 27 11.7| 27 44.2 9 27 00.1 | 20) 0 44.1 9.1 16.6 
April 27 9.8) 27 45.2 9 26 34.4 6/110.8| 12.5 23.3 
May 27 28 51.6 4 25 58.8 | 2 52.8 13.6 29.2 
June 27 10.1) 28 37.8 | 27 26 09.6} 13] 2 28.2) 14.3 36.3 
July 27 9.6) 27 56.6 | 26 26 38.0; 14/1 18.6) 16.6 26.9 
August 27 10.6) 28 07.2 7 25 40.9 | 22) 226.3) 15.5 41.6 
October (27 08.6) 28 03.7 | 24 25 53.4 | 2 10.3 8.0 44.8 
November |27 08.8) 28 09.1 8 26 03.0 8 | 2 06.1 6.2 23.2 
December |27 08.8) 29 06.9 | 28 26 16.3 6 | 2 50.6 5.8 23.9 
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MEAN MONTHLY VALUES OF I AT AGINCOURT AND MEANOOK AND OF 
H AND Z AT MEANOOK FOR 1925 


Month 1925 Ag. I Me. I Me. H | Me. Z 
° 

74 44.4 77 53.5 12863 59958 

74 44.4 77 53.9 12865 60002 

77 54.1 12853 59962 

77 54.5 12837 59922 

77 54.6 12843 59958 

| 77 54.6 12842 59954 
| 
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REVIEW OF PUBLICATIONS 


Elements of Astronomy, by Edward Arthur Fath. 307 pages, 
191 illustrations, 6 * 9 in., $3.00 net. New York: McGraw-Hill 
Book Co., 1926. 

This is the latest text-book on Astronomy. It is non- 
mathematical in nature, being designed for introductory classes in 
Colleges and for the general reader. 

There are only 293 pages of text (excluding the index), and 
hence the treatment of any single subject is necessarily brief, but 
the language is simple, clear and straightforward, and even difficult 
and abstruse problems are presented in an understandable and 
readable manner. Evidently the author is a capable teacher and 
makes use of his experience in imparting astronomical information 
to his elementary classes. 

A larger part than usual, namely, about one third of the book, 
is devoted to the stellar system, and a serious and_ successful 
attempt is made to give a clear outline of the wonderful advances 
made in this branch of the science during the last quarter-century. 
Here we find a discussion of stellar temperatures, spectroscopic 
parallaxes, absolute magnitudes, the diameters of the stars, stellar 
motions and spectral classes, star drifts, the period-luminosity law 
of Cepheid variation, star counts and ratios, globular clusters, 
nebulae of various kinds (including their number, distribution, 
spectra, motions), stellar evolution, the structure of the visible 
universe, the Einstein theory, the origin of the solar system. In 
concluding the last subject, and the book, the author quotes a 
very appropriate remark by Sir William Herschel:—“The subject 
is new, and we must attend to observations, and be guided by them, 
before we form general opinions.” 

The illustrations are excellent. The diagrams are well drawn 
and the photographs are well reproduced. They are interesting 
in themselves, but are not inserted specially to impress the reader, 
but rather to instruct him. 


C. A. CHANT. 
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NOTES AND QUERIES 


Cc icati are invited, especially from amateurs. The Editor 
will try to secure answers to que 


In Wuat pip THE CoucH Face? 

A paragraph from Harper Prize Short Story, entitled ‘“Loutré,” 
by Lisa Ysaye Tarlieu. It was selected by a large staff of editors, 
and passed by three distinguished Judges. 

Aristide enters his new lodgings: 

“T guess this is all right,” he said, “only I liked my old place 
better. That view over the roofs of the big city, that was great. 
And my old desk just at the window—and from my couch I could 
see the young moon and the morning star.” 


SOLAR TIME FROM THE STARS 

Already in this JouRNAL two methods of estimating the time 
from circumpolar stars have been given. In “Scientific American” 
for June the subject is further discussed by Alan S. Hawkesworth, 
and as the rules he gives include both the northern and the southern 
hemisphere, and are of interest to many young students of the 
sky, they are given here: 

In the Northern Hemisphere: Imagine a huge clock-face around the 
Pole Star, with 12 above, and six below—in the usual fashion. Take as 
our hour hand upon this imaginary clock-face the two stars called the 
“pointers” of the Great Bear or Dipper. Read the hour indicated thereby, 
and add to it the number of months, and fraction of a month, elapsed 
since January 1. Double this sum, and subtract it from 52% or 28% 
or 4%, the test for which of these three Constants we must use being 
that the remainder must be positive, yet less than 24. The result will be 
the true solar time—reckoned from midnight—with 12 to 24 for p.m. time. 

For example: on the evening of September 27, being 8.9 months after 
January 1, the two pointers are at 7 upon our imaginary clock-face, the 
Dipper being below, and to the left of the Pole Star. Doubling 7 plus 8.9 gives 
31.8. Subtracting from 52.25 gives 20.45. So that our solar time is 20 
hours 27 minutes, or 8 hours 27 minutes P.M. 
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In the Southern Hemisphere: Again imagine a huge clock-face’ around 
the South Pole, with 12 above and six below. And for our hour hand 
take the two stars (alpha and gamma Crucis) forming the upright of the 
Southern Cross, since these point almost precisely to the South Pole. 
Read the hour indicated by the slope and direction of the said two stars; 
and subtract the number of months and fraction of a month, elapsed since 
January 1. Double this difference, and if the remainder be positive, add 
it to 6, or if it be negative, subtract it from 30. The result will be the 
true solar time—reckoned from midnight—with 12 to 24 for p.m. time. 

For example: on the evening of July 9 the Southern Cross lies on 
its side to the right of the South Pole, so that its upright indicates 3 upon 
our imaginary clock-face. The elapsed months are 6.3, which subtracted 
from 3 gives us -3.3—a negative. Doubling this, and subtracting it from 
30 gives 23.4. So that our solar time is 23 hours 24 minutes, or 11 hours 
24 minutes P.M. 

In countries on or near the equator the Poles are on the horizon, so 
that the Great Bear and the Southern Cross will be below the horizon in 
the autumn months. In which case we can turn to Cassiopeia’s Chair and, 
choosing Gamma, the star forming the midmost peak of the “W,” imagine 
a line connecting it with the Pole Star as our hour hand. Add the 
indicated hour to the elapsed months, and fraction of a month. Double 
the sum, and subtract it from 18.13 or 42.13 or 66.13. The result—positive 
and less than 24—will be the true solar time—reckoned from midnight— 
with 12 to 24 for the p.m. hours. 

This use of the Great Bear, or Cassiopeia’s Chair, or of the Southern 
Cross, as a convenient timepiece to check off the long hours of a night 
watch may commend itself to seamen. But a more valuable use would 
be to determine a ship’s or small boat’s position during stormy or cloudy 
weather when a sun observation at noon was unobtainable, since even a 
momentary glimpse of these easily recognizable stars would be sufficient 
at any time during the night. To increase our accuracy in measuring 
their slopes, or indicated time, we could use, say, a small piece of window 
glass, diamond scored with the angles in a quadrant, or even marked 30°, 
6C° and 90°, with soap or tallow. Whereupon, of course, the difference 
between the true solar time, so obtained, and the known time of any 
other meridian, given by radio, the ship's chronometer or even a good 
watch, and that difference, multiplied by 15, would at once give us the 
number of degrees of longitude we were west or east of the said known 
meridian. The result would, no doubt, be merely approximate, but it 
would be vastly better than a wildly guessed-at dead reckoning. It would 
be priceless to shipwrecked mariners, wind-driven for days in an open boat. 


C.A.C, 
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MEETINGS OF THE SOCIETY 


AT MONTREAL 


At a joint meeting of the Society with the McGill Chapter of Sigma 
XI and the McGill Physical Society, held in the Macdonald Physics 
Building April 19, 1926, the chair was taken by Dr. A. S. Eve, who 
introduced the speaker of the evening, Professor A. N. Whitehead, D.Sc., 
F.R.S., Fellow of Trinity College, ‘Cambridge, late Professor of 
Mathematics, Imperial College, London, now Professor of Philosophy, 
Harvard University, Cambridge, Mass. 

The lecturer read a profound paper on “The Ether of Events”, 
discoursing upon that too frequently neglected borderland between Science 
and Philosophy, which may equally well be described as the Philosophy 
of a Physicist or as the Physics of a Philosopher. 

The lecture was divided into eight parts, each of which was carefully 
discussed. 

(1) The one genus of physical facts. The 19th century conception of 
the physical world was that the ether is a material entity, the fundamental 
substance—ordinary molecules being modifications of this continuous ether. 
The present viewpoint alters this picture, since knowledge of the activity 
within matter does not lead to the idea of a continuous, material ether. 
“The shiver of a molecule in a distant star cluster” affects the earth, and 
the ether does not help to explain the phenomenon—ether is a metaphysical 
hypothesis. 

(2) Cartesian Materialism. The cosmology of modern science 
originated with Descartes, who considered the problem of ether to be the 
first constructive task in laying the foundation of the physical universe. 
He assented to the idea of the one primary genus of physical facts and 
stressed the terms corporeal nature, substance, extension, endurance—terms 
which have haunted science since his day. Extension is the primary 
characteristic of a body. A physical body requires nothing else but itself 
to exist, and the universe consists of a community of self-contained 
entities. 

(3) Difficulties of Cartesian Subjectiveness. Community of nature 
is an essential idea, but there is no explanation of individual things. 
Science as a mere description of particular facts is insufficient. The 
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influence of environment must be considered. Bifurcation is necessary— 
the real physical world and the secondary mental world. Conceptivity and 
perceptivity are two distinct things. 

(4) Organic realism. Knowing is the mental function, whereas blind 
perceptive functioning is physical. The complete concrete world is both 
mental and physical, consisting of mental and physical occasions. A 
physical occasion is that complete blind perception of the physical world 
whereby the physical world is what it is. The physical world is a com- 
muunity of physical occasions, each occasion being an ultimate brick having 
a non-actual factor entering into mental occasions. 

(5) Enduring relationships. Non-actual factors are eternal objects or 
universals. The ultimate bricks are bound together by the eternal relationships 
of a Relator. The modern tendency in physical science is to regard energy as 
an active flow rather than as passive endurance. Extension is the primary 
relationship; the commuuity of the physical world is the community of 
extensive relationship. The motion of organism is the most fundamental 
notion of all science, depending as it does upon extensive relationships. 

(6) Space and Time. Nature, never complete, exhibits creative 
advances; hence the problem of time. There is thus both a specialization 
and a temporalization of extension. Past and Future take meaning from 
the standpoint of ‘a given event—the past provides causality and a new 
occasion issues from its environment. Spacetime is an abstraction from 
the “full-blooded” universe; space and time are a phase in creative progress. 

(7) Enduring Organisms. Organic realism postulates physical bodies 
and empty space; there are occasions with and without physical atoms. 
The history of an electron is a world-line of successive occasions. There 
is an individualism of creative activity, a change of value along a world- 
line. Environment draws its character from the enduring organisms near 
it. Thus one may regard the stellar universe as a concentration of 
analogous organisms favourable to one another’s existence. 

(8) Cosmological order. An electron behaves as it does because it 
is what it is. Physical laws are the creation of the entities—electrons, 
molecules, stars—these impose upon Nature the laws of their own natures. 
The ultimate order of the world is aesthetic. Science offers no promise 
of permanence. The passage of time is an adventure towards new realities. 
Out of the unimaginable Past has come the Universe of the Present. It 
is a Universe which is physically wasting away, yet as surely ascending 
to higher types. With a slowness inconceivable it is passing to new 
conditions, perhaps ultimately to .develop into a ripple of electromagnetic 
energy barely distinguishable from nonentity or perhaps into yet more 
glorious forms in the unimaginable Future. 

After a brief discussion a sincere vote of thanks was tendered the 
lecturer by Dr. Wm. Caldwell. The meeting then adjourned. 

A. Vrsert Sec. 
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